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PIXEL CIRCUIT, DRIVING METHOD
THEREOF AND DISPLAY PANEL

CROSS-REFERENCES TO RELATED
APPLICATIONS

This disclosure claims the benefit of Chinese Patent
Disclosure No. 201410588530.2, filed with the Chinese

Patent Office on Oct. 28, 2014 and entitled “Pixel Circuit,
Driving Method Thereof And Display Panel”, which 1is
incorporated herein by reference 1n 1ts entirety for all pur-
poses.

TECHNICAL FIELD

The present disclosure relates to a flat-panel displayer,
and particularly relates to a pixel circuit 1n an organic light
emitting device capable of compensating a threshold, a
driving method thereof and a display panel.

BACKGROUND OF THE INVENTION

Generally, organic light emitting devices can be classified
as passive matrix organic light emitting diodes (OLED,
organic light emitting diode) and active matrix OLED
(AMOLED, active matrix OLED), and according to the
manner of driving an EL element, can be classified as current
driven OLEDs and voltage driven OLEDs. A typical AMO-

LED generally includes a plurality of gate lines, a plurality
of data lines, a plurality of power lines and a plurality of
pixels connected to these lines and arranged 1n a rectangular
form. Each pixel usually includes: one EL element; two
transistors, one 1s a switching transistor used for transmitting,
a data signal, and the other 1s a driving transistor used for
driving the EL element according to the data signal; and a
capacitor used for maintaining the data voltage.

Although the AMOLED has the advantages of low power
consumption, however there 1s a phenomenon that the
driving transistor turns on the light emitting diode at a gate
potential reset stage, which resulting 1n insuflicient darkness
of an OLED display panel when working at a dark state and
directly resulting in an insuflicient contrast ratio of the

OLED display panel.

BRIEF SUMMARY OF THE INVENTION

One mventive aspect 1s a pixel circuit. The pixel circuit
includes a first transistor, configured to respond to a {first
scanning line signal and to transmit a first signal voltage, a
first capacitor, configured to store the first signal voltage,
and an organic light emitting diode. The pixel circuit also
includes a second transistor, configured to provide a drive
current to the organic light emitting diode, a third transistor,
configured to respond to a second scanning line signal and
to transmit a first potential signal to the second transistor,
and a fourth transistor, configured to respond to the first
scanning line signal and to electrically connect a first
clectrode of the second transistor to a third electrode of the
second transistor to form a diode connection of the second
transistor. The pixel circuit also includes a fifth transistor,
configured to respond to a third scanning line signal and to
transmit a second signal voltage to the second transistor, and
a sixth transistor, configured to respond to a light emitting
scanning line signal, to receive the drive current of the
second transistor, and to output the drive current to the
organic light emitting diode.
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Another inventive aspect 1s a method of driving a pixel
circuit. The pixel circuit includes a first transistor, config-
ured to respond to a first scanning line signal and to transmit
a first signal voltage, a first capacitor, configured to store the
first s1ignal voltage, and an organic light emitting diode. The
pixel circuit also includes a second transistor, configured to
provide a drive current to the organic light emitting diode, a
third transistor, configured to respond to a second scanning
line signal and to transmit a first potential signal to the
second transistor, and a fourth transistor, configured to
respond to the first scanning line signal and to electrically
connect a first electrode of the second transistor to a third
clectrode of the second transistor to form a diode connection
ol the second transistor. The pixel circuit also includes a fifth
transistor, configured to respond to a third scanning line
signal and to transmit a second signal voltage to the second
transistor, and a sixth transistor, configured to respond to a
light emitting scanning line signal, to receive the drive
current of the second transistor, and to output the drive
current to the organic light emitting diode. The first transis-
tor includes a gate electrode configured to receive the first
scanning line signal, a second electrode configured to
receive the first signal voltage, and a third electrode con-
nected to a first electrode of the first capacitor. The second
transistor includes a gate electrode connected to a second
electrode of the first capacitor, a second electrode configured
to recerve a first power supply voltage, and a third electrode
connected to a second electrode of the sixth transistor. The
third transistor includes a gate electrode configured to
receive the second scanning line signal, a second electrode
connected to the second electrode of the first capacitor, and
a third electrode connected to the gate electrode of the third
transistor. The fourth transistor includes a gate electrode
configured to recerve the first scanning line signal, a second
clectrode connected to the second electrode of the first
capacitor, and a third electrode connected to the second
clectrode of the sixth transistor. The fifth transistor includes
a gate electrode configured to receive the third scanming line
signal, a second electrode connected to the first electrode of
the first capacitor, and a third electrode configured to receive
the second signal voltage. The sixth transistor includes a
gate electrode configured to recerve the light emitting scan-
ning signal, the second electrode of the sixth transistor
connected to the third electrode of the second transistor, and
a third electrode configured to receive a second power
supply voltage. The first electrode of the first capacitor 1s
connected to the third electrode of the first transistor, and the
second electrode of the first capacitor 1s connected to the
gate electrode of the second transistor. The method 1includes
during a first time sequence stage, the first transistor and the
fourth transistor turn on in response to the first scanming line
signal, and the first signal voltage 1s transmitted to the first
clectrode of the first capacitor. The method also includes,
during a second time sequence stage, the third transistor
turns on 1n response to the second scanning line signal, the
first potential signal on the second scanning line signal 1s
transmitted to the second electrode of the first capacitor to
reset the gate electrode of the second transistor, and the
second transistor 1s turned on, during a third time sequence
stage, the second transistor and the fourth transistor are on,
the second transistor 1s diode connected, and the first power
supply voltage 1s transmitted to the second electrode of the
first capacitor through the second transistor. The method also
includes, during a fourth time sequence stage, the fifth
transistor turns on in response to the third scanning line
signal, the second signal voltage 1s transmitted to the first
clectrode of the first capacitor, and the potential at the
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second electrode of the first capacitor changes in response to
the second signal voltage being transmitted to the first
clectrode of the first capacitor. The method also 1ncludes,
during a fifth time sequence stage, the sixth transistor turns
on 1n response to the light emitting scanming line signal, and
the drive current flows to the organic light emitting diode
through the sixth transistor.

Another mventive aspect 1s a method of driving a pixel
circuit. The pixel circuit includes a first transistor, config-
ured to respond to a first scanning line signal and to transmit
a first signal voltage, a first capacitor, configured to store the
first s1ignal voltage, and an organic light emitting diode. The
pixel circuit also includes a second transistor, configured to
provide a drive current to the organic light emitting diode, a
third transistor, configured to respond to a second scanning
line signal and to transmit a first potential signal to the
second transistor, and a fourth transistor, configured to
respond to the first scanning line signal and to electrically
connect a {irst electrode of the second transistor to a third
clectrode of the second transistor to form a diode connection
of the second transistor. The pixel circuit also includes a fifth
transistor, configured to respond to a third scanning line
signal and to transmit a second signal voltage to the second
transistor, and a sixth transistor, configured to respond to a
light emitting scanning line signal, to receive the drive
current of the second transistor, and to output the drive
current to the organic light emitting diode. The first transis-
tor includes a gate electrode configured to receive the first
scanning line signal, a second electrode configured to
receive the first signal voltage, and a third electrode con-
nected to a first electrode of the first capacitor. The second
transistor includes a gate electrode connected to a second
clectrode of the first capacitor, a second electrode configured
to receive a first power supply voltage, and a third electrode
connected to a second electrode of the sixth transistor. The
third transistor includes a gate electrode configured to
receive the second scanning line signal, a second electrode
connected to the second electrode of the first capacitor, and
a third electrode connected to the gate electrode of the third
transistor. The fourth transistor includes a gate electrode
configured to receive the first scanning line signal, a second
clectrode connected to the second electrode of the first
capacitor, and a third electrode connected to the second
clectrode of the sixth transistor. The fifth transistor includes
a gate electrode configured to receive the third scanning line
signal, a second electrode connected to the first electrode of
the first capacitor, and a third electrode configured to receive
the second signal voltage. The sixth transistor includes a
gate electrode configured to recerve the light emitting scan-
ning signal, the second electrode of the sixth transistor
connected to the third electrode of the second transistor, and
a third electrode configured to receive a second power
supply voltage. The first electrode of the first capacitor 1s
connected to the third electrode of the first transistor, and the
second electrode of the first capacitor 1s connected to the
gate electrode of the second transistor. The method includes,
during a first time sequence stage, the third transistor and the
seventh transistor turn on 1n response to the second scanning
line signal, the first signal voltage 1s transmitted to the first
clectrode of the first capacitor through the seventh transistor,
the first potential signal 1s transmitted to the second elec-
trode of the first capacitor to reset the gate electrode of the
second transistor, and the second transistor 1s turned on. The
method also 1ncludes, during a second time sequence stage,
the first transistor and the fourth transistor turn on in
response to the first scanning line signal, the first signal
voltage 1s transmitted to the first electrode of the first
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capacitor through the first transistor, the second transistor 1s
diode connected, and the first power supply voltage 1is
transmitted to the second electrode of the first capacitor
through the second transistor. The method also includes,
during a third time sequence stage, the fifth transistor turns
on 1n response to the third scanning line signal, the second
signal voltage 1s transmitted to the first electrode of the first
capacitor, and the potential at the second electrode of the
first capacitor changes 1n response to the second signal
voltage being transmitted to the first electrode of the first
capacitor. The method also includes, during a fourth time
sequence stage, the sixth transistor turns on in response to
the light emitting scanning line signal, and the drive current
flows to the organic light emitting diode through the sixth
transistor.

Another mventive aspect 1s a display panel, including a
pixel circuit. The pixel circuit includes a first transistor,
configured to respond to a first scanning line signal and to
transmit a first signal voltage, a first capacitor, configured to
store the first signal voltage, and an organic light emitting
diode. The pixel circuit also includes a second transistor,
configured to provide a drive current to the organic light
emitting diode, a third transistor, configured to respond to a
second scanning line signal and to transmit a first potential
signal to the second transistor, and a fourth transistor,
configured to respond to the first scanning line signal and to
clectrically connect a first electrode of the second transistor
to a third electrode of the second transistor to form a diode
connection of the second transistor. The pixel circuit also
includes a fifth transistor, configured to respond to a third
scanning line signal and to transmit a second signal voltage
to the second transistor, and a sixth transistor, configured to
respond to a light emitting scanning line signal, to receive

the drive current of the second transistor, and to output the
drive current to the organic light emitting diode.

BRIEF DESCRIPTION OF THE DRAWINGS

To 1llustrate technical solutions in the embodiments of the
present disclosure more clearly, a brief introduction on the
accompanying drawings which are needed 1n the description
of the embodiments 1s given below. Apparently, the accom-
panying drawings 1n the description below are merely some
of the embodiments of the present disclosure, other draw-
ings may be obtained based on these drawings by those of
ordinary skill in the art without any creative eflort.

FIG. 1a 1s a circuit structure diagram of a pixel circuit
provided by an embodiment of the present disclosure;

FIG. 15 1s a time sequence control chart corresponding to
the pixel circuit i FIG. 1a;

FIG. 1c 1s a circuit structure diagram of a pixel circuit
provided by an embodiment of the present disclosure;

FIG. 1d 1s a circuit structure diagram of a pixel circuit
provided by an embodiment of the present disclosure;

FIG. 1e 1s a time sequence control chart corresponding to
the pixel circuit 1in FIG. 1d;

FIG. 1/ 1s a time sequence control chart provided by an
embodiment of the present disclosure;

FIG. 1g 1s a circuit structure diagram of a pixel circuit
provided by an embodiment of the present disclosure;

FIG. 2a 1s a circuit structure diagram of another pixel
circuit provided by an embodiment of the present disclosure;

FIG. 2b 1s a time sequence control chart corresponding to
the pixel circuit i FIG. 2a;

FIG. 2¢ 1s a circuit structure diagram of a pixel circuit
provided by an embodiment of the present disclosure;
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FIG. 2d 1s a circuit structure diagram of a pixel circuit
provided by an embodiment of the present disclosure;

FIG. 2¢ 15 a time sequence control chart corresponding to
the pixel circuit in FIG. 2d;

FIG. 2/ 1s a circuit structure diagram of a pixel circuit
provided by an embodiment of the present disclosure;

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

A clear and complete description of technical solutions 1n
the embodiments of the present disclosure will be given
below 1n combination with the accompanying drawings in
the embodiments of the present disclosure. Apparently, the
embodiments described are merely a part, but not all, of the
embodiments of the present disclosure. All of other embodi-
ments, obtained by those of ordinary skill 1n the art based on
the embodiments of the present disclosure without any
creative eflort, fall into the protection scope of the present
disclosure.

As shown 1n FIG. 14, 1t 1s a circuit structure diagram of
a pixel circuit provided by an embodiment of the present
disclosure, and the pixel circuit includes: a first transistor
M1, a second transistor M2, a third transistor M3, a fourth
transistor M4, a fifth transistor M5, a sixth transistor M6 and
a first capacitor C1.

The first electrode of the first transistor M1, 1s electrically
connected with a input electrode S1 of a first scanning line
signal, responding to a first scanning line signal, the second
clectrode 1s electrically connected with a first signal voltage
input electrode for receiving a first signal voltage Vret, the
third electrode 1s electrically connected with the first elec-
trode of the first capacitor C1 and the third electrode of the
fifth transistor M3, and the connecting point 1s a first node
N1. When the first transistor M1 responds to the first
scanning line signal transmitted by the input electrode S1 of
the first scanning line signal to be turned on, the first
transistor M1 transmits the first signal voltage Vref to the
first node N1.

The first electrode of the second transistor M2 1s electri-
cally connected with the second electrode of the first capaci-
tor C1 and the second electrode of the fourth transistor, the
connecting point 1s a second node N2, the second electrode
1s electrically connected with a input electrode of a first
power supply voltage for receiving a first power supply
voltage PVDD, and the third electrode 1s electrically con-
nected with the third electrode of the fourth transistor M4
and the second electrode of the sixth transistor M6. When
the second transistor M2 i1s on, the second transistor M2
transmits current to an organic light emitting diode LED,
and the transmitted current 1s determined by the voltage on
the first electrode of the second transistor M2.

The first electrode of the third transistor M3 1s electrically
connected with a mput electrode S2 of a second scanning
line signal for responding to a second scanning line signal,
the second electrode 1s electrically connected with the
second node N2, and the third electrode 1s electrically
connected to the first electrode thereof. When the third
transistor M3 responds to the second scanning line signal to
be turned on, the third electrode thereof i1s electrically
connected to the first electrode thereof so as to transmit a
first potential signal to the second node N2.

The first electrode of the fourth transistor M4 1s electri-
cally connected with the mput electrode S1 of first scanning
line signal for responding to the first scanning line signal, the
second electrode 1s electrically connected with the second
node N2, and the third electrode 1s electrically connected
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with the third electrode of the second transistor M2 and the
second electrode of the sixth transistor M6. Since the second
clectrode thereof 1s electrically connected with the first
electrode of the second transistor M2, and the third electrode
thereof 1s electrically connected with the third electrode of
the second transistor M2, when the fourth transistor M4
responds to the first scanning line signal to be turned on, the
second transistor M2 forms a connecting manner of a diode.

The first electrode of the fifth transistor M3, 1s electrically
connected with a third scanning line signal mput electrode
S3, responding to a third scanning line signal, the second
clectrode, 1s electrically connected with a second signal
voltage 1mput electrode, responding to a second signal volt-
age Vdata, and the third electrode 1s electrically connected
with the first node N1. The fifth transistor M3 transmits the
second signal voltage Vdata to the first node N1 when being,
turned on for responding to the third scanning line signal.

The first electrode of the sixth transistor M6 1s electrically
connected with a mput electrode Emit of light emitting
scanning line signal for responding to a light emitting
scanning line signal, the second electrode i1s electrically
connected with the third electrode of the second transistor
M2 and the third electrode of the fourth transistor M4, and
the third electrode 1s electrically connected with the second
power supply voltage iput electrode. The sixth transistor
M6 transmits the current output by the second transistor M2
to the light emitting diode LED when being turned on for
responding to the light emitting scanning line signal.

The first electrode of the first capacitor C1 1s electrically
connected with the first node N1, and the second electrode
1s electrically connected with the second node N2.

For all transistors in the above-mentioned pixel circuit,
the first electrodes thereof are gate electrodes, the second
clectrodes thereol are source electrodes and can also be
drain electrodes, which 1s determined by the type of the
transistors (P type transistors or N type transistors), and the
terms such as first electrodes and second electrodes are
adopted herein for mutual distinction. For example, when
the second electrodes of the transistors are source electrodes,
the third electrodes thereot are drain electrodes; when the
second electrodes of the transistors are drain electrodes, the
third electrodes thereot are source electrodes. The descrip-
tion manner herein 1s adopted 1n the embodiments given
below, and will not be repeated redundantly.

In the embodiment as shown 1n FIG. 14, the transistors are
all P type transistors, FIG. 15 shows a driving time sequence
diagram of dniving the pixel circuit shown i FIG. 1a,
wherein:

During the first time sequence 11 stage, the mput elec-
trode S1 of the first scanning line signal mputs a low level
scanning line signal, at this time, the first transistor M1 and
the fourth transistor M4 are turned on, the first signal voltage
Vrefl 1s transmitted to the first node N1 through the first
transistor M1, and since the first electrode of the first
capacitor C1 1s electrically connected with the first node, the
first signal voltage Vref 1s kept at the first node N1.

During the second time sequence T2 stage, the input
clectrode S2 of the second scanning line signal inputs a low
level scanning line signal, at this time, the third transistor
M3 1s turned on, since the third electrode of the third
transistor M3 1s electrically connected with the first elec-
trode, the first potential signal (the low level scanning line
signal) mput from the input electrode S2 of the second
scanning line signal 1s transmitted to the second node N2 and
the gate electrode of the second transistor M2, the potential
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at the gate electrode of the second transistor M2 1s reset 1n
this process, and meanwhile, the second transistor M2 1s
turned on;

During the third time sequence T3 stage, since the second
transistor M2 and the fourth transistor M4 are on, the second
transistor M2 1s at a connecting state of a diode, at this time,
the first power supply voltage PVDD is transmitted to the
gate electrode of the second transistor M2 through the
second transistor M2 and the fourth transistor M4 until the
potential at the gate electrode of the second transistor M2 1s
(PVDD-Vth), the second transistor M2 1s cut off, the
transmission 1s completed, and a threshold 1s grabbed in this
pProcess;

During the fourth time sequence T4 stage, the third
scanning line signal mput electrode S3 inputs a low level
scanning line signal, the fifth transistor MS i1s turned on, at
this time, the second signal voltage Vdata 1s transmitted to
the first node N1 through the fifth transistor M5, since the
voltage value of the second signal voltage Vdata 1s smaller
than that of the first signal voltage Vref, and due to the
coupling effect of the first capacitor C1, the potential of the
second node N2 i1s changed into (PVDD-Vth)+(Vdata-
Vret);

During the fifth time sequence 15 stage, the input elec-
trode Emit of the light emitting scanming line signal imputs
a low level scanning line signal, the sixth transistor M6 1s
turned on, the drive current corresponding to the potential at
the second node N2 flows to the organic light emitting diode
LED through the sixth transistor, and the organic light
emitting diode LED emuits light.

By adopting the pixel circuit as shown i FIG. 1a, the
condition that the light emitting diode LED 1s turned on to
emit light when resetting the potential of the gate electrode
of the second transistor M2 (driving transistor) can be
cllectively avoided to improve the contrast ratio of the
OLED display panel, meanwhile, the circuit has a simple
structure, and the entire pixel circuit 1s composed of pure P
type transistors, so that the making process thereof 1s simple
and convenient.

In the embodiment as shown 1n FIG. 1a, the pixel circuit
can further include a second capacitor C2, the first electrode
of the second capacitor C2 1s electrically connected to the
first node N1, the second electrode thereof 1s electrically
connected to the first power supply voltage input electrode,
the circuit structure diagram thereof 1s as shown 1n FIG. 1c,
but the driving time sequence thereof 1s unchanged, and the
driving time sequence diagram shown in FIG. 15 1s still
applicable herein. The beneficial effects of adding the sec-
ond capacitor C2 lie 1n that, the capacitance value of the first
capacitor C1 can not be too large during design, if the
capacitance value 1s too large, the potential storage capacity
of the first capacitor C1 1s reinforced, but 1ts own coupling
eflect 1s reinforced as well, meanwhile, since the second
signal voltage Vdata 1s instable when the entire panel 1s at
a working state and changes frequently thus influence the
change of the potential of the first node N1, similarly, due to
the coupling eflect of the capacitor, the change of the
potential of the first node N1 will greatly influence the
potential of the second node N2, and this 1s unbeneficial to
the work of the entire circuit; however, the capacitance value
of the first capacitor C1 can not be too small neither, 1f the
capacitance value 1s too small, the potential storage capacity
1s relatively weak, and this 1s unbeneficial to the work of the
entire circuit, therefore, 1n order to ensure that the capacitor
C1 has larger potential storage capacity and prevent exces-
s1ve strong coupling effect thereof, one second capacitor C2
1s added herein, the second capacitor C2 achieves a potential
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storage ellect together with the first capacitor C1, such that
the stability of the entire pixel circuit i1s better.

In the embodiment shown 1n FIG. 1a, wherein the first
transistor M1, the third transistor M3, the fourth transistor
M4, the fifth transistor M5 and the sixth transistor M6 can
be changed into NMOS transistors, the second transistor M2
1s still the PMOS transistor, the circuit structure diagram
thereof 1s as shown in FIG. 14, the driving time sequence
thereol 1s just opposite to the driving time sequence diagram
shown 1n FIG. 15 of the pixel circuit shown i FIG. 1a,
namely, the low level in the driving time sequence diagram
shown 1n FIG. 15 1s changed into high level, and the high
level 1s changed into low level, as shown in FIG. 1e,
therefore, the driving process shown in FIG. 1le 1s not
repeated redundantly herein and can specifically refer to the
foregoing driving process. The beneficial effects of changing
the pixel circuit from the original pure P type pixel circuit
into the CMOS circuit lie 1n that, the TFT characteristic
curve of the NMOS tube 1s better, thus being beneficial to
the work of the entire pixel circuit.

In the embodiment shown 1n FIG. 14, 1n the dniving time
sequence diagram FIG. 15 corresponding to the pixel circuit
shown 1n FIG. 1a, the second scanning line signal input {from
the 1input electrode S2 of the second scanning line signal can
be properly advanced, but the signal must be overlapped
with the first scanning line signal input by the input electrode
S1 of the first scanning line signal on the time sequence, as
shown 1n FIG. 1f, therefore, according to the driving time
sequence shown in FIG. 1/, the difference between this
driving time sequence and the driving time sequence shown
in FIG. 15 lies 1n that, the driving sequences of the transis-
tors during the first stage 11 and the second stage 12 are
different, only the specific conditions during the first stage
T1 and the second stage T2 of the driving time sequence
shown 1n FIG. 1f will be described next, the driving manners
at other stages can refer to the condition of the driving time
sequence shown in FIG. 15, and will not be repeated
redundantly.

During the first stage 11, the mput electrode S2 of the
second scanning line signal inputs a low level scanning line
signal, at this time, the third transistor M3 1s turned on, since
the third electrode of the third transistor M3 1s electrically
connected with the first electrode, the first potential signal (a
low potential voltage) input from the nput electrode S2 of
the second scanning line signal 1s transmitted to the second
node N2 and the gate electrode of the second transistor M2,
the potential at the gate electrode of the second transistor M2
1s reset 1n this process, and meanwhile, the second transistor
M2 1s turned on.

During the second time sequence T2 stage, the input
clectrode S1 of the first scanning line signal inputs a low
level scanning line signal, at this time, the first transistor and
the fourth transistor M4 are turned on, the first signal voltage
Vrefl 1s transmitted to the first node N1 through the first
transistor M1, and since the first electrode of the first
capacitor C1 1s electrically connected with the first node, the
first signal voltage Vref 1s kept at the first node N1.

In the embodiment shown 1n FIG. 1a, the first electrode of
the first transistor M1 can also be electrically connected to
the first power supply voltage put electrode directly for
receiving the first power supply voltage PVDD, as shown in
FIG. 1g, but the driving time sequence thereof 1s unchanged,
and the driving time sequence diagram shown in FIG. 15 1s
still applicable herein. The beneficial effects of electrically
connecting the first electrode of the first transistor M1 to the
first power supply voltage input electrode directly lie in that,
space 1s saved on the layout design of the display panel, and
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the first power supply voltage PVDD 1s more stable than the
first signal voltage Vrel, which 1s beneficial to the work of
the entire circuit.

FIG. 2a shows a circuit structure diagram of a pixel circuit
provided by an embodiment of the present disclosure, the
difference between this circuit structure and the circuit
structure 1n the embodiment shown in FIG. 1 lies 1n that, a
seventh transistor M7 i1s added, the first electrode of the
seventh transistor M7, 1s electrically connected with the
mput electrode S2 of the second scanning line signal,
responding to the second scanning line signal, the second
clectrode 1s electrically connected with the first signal volt-
age mput electrode for receiving the first signal voltage Vret,
and the third electrode 1s electrically connected with the first
node N1. When the seventh transistor M7 responds to the
second scanning line signal to be turned on, the seventh
transistor M7 transmits the first signal voltage Vref to the
first node N1. Excluding the added seventh transistor M7,
the connecting manners of all the remaining transistors and
the first capacitor are the same as the connecting manners in
the embodiment shown 1n FIG. 1q, can refer to the foregoing,
contents and will not be repeated redundantly herein.

In the embodiment shown in FIG. 24, the transistors are
all P type transistors, FIG. 2b shows a driving time sequence
diagram of drniving the pixel circuit shown i FIG. 2a,
wherein:

during the first time sequence T1 stage, the second
scanning line signal mput electrode S2 inputs a low level
scanning line signal, at this time, the third transistor M3 and
the seventh transistor M7 are turned on, the first signal
voltage Vref 1s transmitted to the first node N1 through the
seventh transistor M7, and since the first electrode of the first
capacitor C1 1s electrically connected with the first node, the
first signal voltage Vref 1s kept at the first node N1, mean-
while, the first potential signal (the low level scanning line
signal) mmput from the second scanning line signal input
clectrode S2 1s transmitted to the second node N2 and the
gate electrode of the second transistor M2, the potential of
the gate electrode of the second transistor M2 1s reset in this
process, and meanwhile, the second transistor M2 1s turned
on;

during the second time sequence T2 stage, the input
clectrode S1 of the first scanning line signal inputs a low
level scanning line signal, at this time, the first transistor M1
and the fourth transistor M4 are turned on, the first signal
voltage Vref 1s transmitted to the first node N1 through the
first transistor M1 again to consistently keep the stability of
the potential of the first node N1, meanwhile, since the
second transistor M2 and the fourth transistor M4 are on, the
second transistor M2 1s at a connecting state of a diode, at
this time, the first power supply voltage PVDD 1s transmit-
ted to the gate electrode of the second transistor M2 through
the second transistor M2 and the fourth transistor M4 until
the potential at the gate electrode of the second transistor M2
1s (PVDD-Vth), the second transistor M2 1s cut off, the
transmission 1s completed, and the threshold 1s grabbed in
this process;

during the third time sequence T3 stage, the input elec-
trode S3 of the third scanming line signal mputs a low level
scanning line signal, the fifth transistor M5 1s turned on, at
this time, the second signal voltage Vdata 1s transmitted to
the first node N1 through the fifth transistor M5, since the
voltage value of the second signal voltage Vdata 1s smaller
than that of the first signal voltage Vref, and due to the

coupling effect of the first capacitor C1, the potential of the
second node N2 1s changed into (PVDD—Vth)+(V data—

Vret);
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during the fourth time sequence T4 stage, the input
clectrode Emit of the light emitting scanning line signal
iputs a low level scanning line signal, the sixth transistor
M6 1s turned on, the drive current corresponding to the
potential at the second node N2 flows to the organic light
emitting diode LED through the sixth transistor, and the
organic light emitting diode LED emuits light.

By adopting the pixel circuit as shown in FIG. 2a, the
condition that the light emitting diode LED 1s electrified to
emit light when resetting the potential of the gate electrode
of the second transistor M2 (driving tube) can be eflectively
avoided to improve the contrast ratio of the OLED display
panel, meanwhile, the circuit has a simple structure, and the
entire pixel circuit 1s composed of pure P type transistors, so
that the making process thereof 1s simple and convenient.
The difference between this embodiment and the embodi-
ment shown 1n FIG. 1a lies 1n that, one seventh transistor M7
1s added, meanwhile, the driving time sequence shown 1n
FIG. 2b 1s different from the driving time sequence shown
in FIG. 15, and the beneficial effects of adopting the design
lie 1n that, the time sequence wave forms for driving the
scanning signals are the same, and the entire panel 1s more
convenient to drive.

In the embodiment shown in FI1G. 24, the pixel circuit can
turther include a second capacitor C2, the first electrode of
the second capacitor C2 1s electrically connected to the first
node N1, the second electrode thereotf 1s electrically con-
nected to the first power supply voltage input electrode, the
circuit structure diagram thereof 1s as shown 1n FIG. 2c¢, the
driving time sequence thereot 1s unchanged, and the driving
time sequence diagram shown in FIG. 25 1s still applicable
herein. The beneficial efl

ects of adding the second capacitor
C2 lie 1n that, the capacitance value of the first capacitor C1
can not be too large during design, if the capacitance value
1s too large, the potential storage capacity of the first
capacitor C1 1s reinforced, but 1ts own coupling eflect is
reinforced as well, meanwhile, since the second signal
voltage Vdata 1s instable when the entire panel 1s at a
working state and changes frequently to influence the
change of the potential of the first node, similarly, due to the
coupling el

ect of the capacitor, the change of the potential
of the first node N1 will greatly influence the potential of the
second node N2, and this 1s unbeneficial to the work of the
entire circuit; however, the capacitance value of the first
capacitor C1 can not be too small neither, 1f the capacitance
value 1s too small, the potential storage capacity 1s relatively
weak, and this 1s unbeneficial to the work of the entire
circuit, therefore, 1n order to ensure that the capacitor C1 has
larger potential storage capacity and prevent excessive
strong coupling eflect thereol, one second capacitor C2 1s
added herein, the second capacitor C2 achieves a potential
storage eflect together with the first capacitor C1, such that
the stability of the entire pixel circuit 1s better.

In the embodiment shown 1n FIG. 24, wherein the first
transistor M1, the third transistor M3, the fourth transistor
M4, the fifth transistor M5, the sixth transistor Mé and the
seventh transistor M7 can be Changed into NMOS transis-
tors, the second transistor M2 1s still the PMOS {transistor,
the circuit structure diagram thereof 1s as shown 1n FIG. 24,
the driving time sequence thereof 1s just opposite to the
driving time sequence diagram FIG. 26 of the pixel circuit
shown 1n FIG. 2a, namely, the low level 1n the dnving time
sequence diagram FIG. 25 1s changed 1nto high level, and the
high level 1s changed into low level, as shown 1n FIG. 2e,
therefore, the driving process shown i FIG. 2¢ 1s not
repeated redundantly herein and can specifically refer to the
foregoing driving process. The beneficial eflects of changing
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the pixel circuit from the original pure P type pixel circuit
into the CMOS circuit lie 1n that, the TFT characteristic
curve of the NMOS tube 1s better, thus being beneficial to
the work of the entire pixel circuit.

In the embodiment shown 1n FIG. 2a, the first electrode of
the first transistor M1 can also be electrically connected to
the first power supply voltage mput electrode directly for
receiving the first power supply voltage PVDD, as shown in
FIG. 2/, but the driving time sequence thereot 1s unchanged,
and the driving time sequence shown in FIG. 26 1s still
applicable herein. The beneficial eflects of electrically con-
necting the first electrode of the first transistor M1 to the first
power supply voltage mput electrode directly lie 1n that,
space 1s saved on the layout design of the display panel, and
the first power supply voltage PVDD 1s more stable than the
first signal voltage Vrel, which 1s beneficial to the work of
the entire circuit.

To sum up, compared with the traditional pixel circuit, the
pixel circuit and the driving method thereof provided by the
present disclosure have the advantages that, when the driv-
ing transistor 1s at the gate potential reset stage, light
emission of the light emitting diode can be avoided, and thus
the contrast ratio of the OLED display panel 1s improved.

The circuit structure and the driving method of the pixel
circuit provided by the embodiments of the present disclo-
sure have been described above in detail, the principle and
the implementations of the present disclosure are 1llustrated
in this paper by use of specific examples, and the embodi-
ments described above are merely used for helping to
understand the method and the core concept thereof 1n the
present disclosure; meanwhile, those of skilled 1n the art wall
make variations to the specific implementations and the
application range according to the concept of the present
disclosure, to sum up, the contents in the description should
be understood as limitation to the present disclosure.

What 1s claimed 1s:

1. A pixel circuit, comprising;

a first transistor, configured to respond to a first scanning,
line signal and to transmuit a first signal voltage to a first
clectrode of a first capacitor;

the first capacitor, configured to store the first signal
voltage, wherein a second electrode of the first capaci-
tor 1s connected to a gate electrode of a second tran-
sistor;

an organic light emitting diode arranged between a sixth
transistor and a second power supply voltage;

the second transistor, configured to provide a drive current
to the organic light emitting diode through the sixth
transistor according to a potential at the gate electrode
of the second transistor; wherein the second transistor
1s arranged between a first power supply voltage and
the sixth transistor:

a third transistor, configured to respond to a second
scanning line signal and to transmit a first potential
signal on the second scanning line signal to the second
clectrode of the first capacitor, wherein a gate electrode
of the third transistor 1s configured to receive the
second scanning line signal, a second electrode of the
third transistor 1s connected to the gate electrode of the
second transistor, and a third electrode of the third
transistor 1s connected to the gate electrode of the third
transistor;

a fourth transistor, configured to respond to the first
scanning line signal and to electrically connect a first
clectrode of the second transistor to a third electrode of
the second transistor to form a diode connection of the
second transistor, wherein the first power supply volt-
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age 1s transmitted to the second electrode of the first
capacitor through the second transistor;

a fifth transistor, configured to respond to a third scanning
line signal and to transmit a second signal voltage to the
first electrode of the first capacitor, wherein the poten-
tial at the second electrode of the first capacitor changes
in response to the second signal voltage being trans-
mitted to the first electrode of the first capacitor; and

the sixth transistor, configured to respond to a light
emitting scanning line signal, to receive the drive
current of the second transistor, and to output the drive
current to the organic light emitting diode.

2. The pixel circuit of claam 1, wherein:

the first transistor comprises a gate electrode configured to
receive the first scanning line signal, a second electrode
configured to receive the first signal voltage, and a third
clectrode connected to the first electrode of the first
capacitor;

the second transistor comprises the gate electrode con-
nected to the second electrode of the first capacitor, the
second electrode configured to receive the first power
supply voltage, and a third electrode connected to a
second electrode of the sixth transistor:

the fourth transistor comprises a gate electrode configured
to receive the first scanning line signal, a second
clectrode connected to the second electrode of the first
capacitor, and a third electrode connected to the second
electrode of the sixth transistor;

the fifth transistor comprises a gate electrode configured
to receive the third scanning line signal, a second
clectrode connected to the first electrode of the first
capacitor, and a third electrode configured to receive
the second signal voltage;

the sixth transistor comprises a gate electrode configured
to recerve the light emitting scanming signal, the second
clectrode of the sixth transistor connected to the third
electrode of the second transistor, and a third electrode
configured to receive a second power supply voltage.

3. The pixel circuit of claim 2, wherein the first transistor,
the second transistor, the third transistor, the fourth transis-
tor, the fifth transistor, and the sixth transistor are PMOS
transistors.

4. The pixel circuit of claim 2, wherein the first transistor,
the third transistor, the fourth transistor, the fifth transistor,
and the sixth transistor are NMOS transistors, and the
second transistor 1s a PMOS transistor.

5. The pixel circuit of claim 2, further comprising a
second capacitor, wherein a {first electrode of the second
capacitor 1s connected to the first electrode of the first
capacitor, and a second electrode of the first capacitor is
connected to the first power supply voltage.

6. The pixel circuit of claim 2, further comprising a
seventh transistor, wherein the seventh transistor comprises
a gate electrode configured to receive the second scanning
line signal, a second electrode configured to receive the first
signal voltage, and a third electrode connected to the first
clectrode of the first capacitor.

7. The pixel circuit of claim 6, wherein the first transistor,
the second transistor, the third transistor, the fourth transis-
tor, the fifth transistor, the sixth transistor, and the seventh
transistor are PMOS transistors.

8. The pixel circuit of claim 6, wherein the first transistor,
the third transistor, the fourth transistor, the fifth transistor,
the sixth transistor, and the seventh transistor are NMOS
transistors, and the second transistor 1s a PMOS transistor.

9. The pixel circuit of claim 6, further comprising a
second capacitor, wherein a first electrode of the second




US 9,728,128 B2

13

capacitor 1s connected to the first electrode of the first

capacitor, and a second electrode of the first capacitor
connected to the first power supply voltage.

1S

10. The pixel circuit of claim 1, wherein the voltage of the
first power supply voltage 1s 1n a range from O V to 5V, and
the voltage of the second power supply voltage is 1n a range

from -10 Vto 0 V.
11. The pixel circuit of claim 1, wherein the voltage of t.

1C

first signal voltage 1s 1 a range from 0 V to 3V, and t

1C

voltage of the second signal voltage 1s 1n a range from -3V

to OV.

12. A method of driving a pixel circuit, wherein the pixel

circuit comprises:

a first transistor, configured to respond to a first scanning,
line signal and to transmit a first signal voltage;

a first capacitor, configured to store the first signal volt-
age;

an organic light emitting diode;

a second transistor, configured to provide a drive current
to the organic light emitting diode;

a third transistor, configured to respond to a second
scanning line signal and to transmit a first potential
signal to the second transistor;

a fourth transistor, configured to respond to the first
scanning line signal and to electrically connect a first
clectrode of the second transistor to a third electrode of
the second transistor to form a diode connection of the
second transistor;

a fifth transistor, configured to respond to a third scanming
line signal and to transmit a second signal voltage to the
second transistor;

a sixth transistor, configured to respond to a light emitting
scanning line signal, to receive the drive current of the
second transistor, and to output the drive current to the
organic light emitting diode,

wherein the first transistor comprises a gate electrode
configured to receive the first scanning line signal, a
second electrode configured to recerve the first signal
voltage, and a third electrode connected to a first
clectrode of the first capacitor,

wherein the second transistor comprises a gate electrode
connected to a second electrode of the first capacitor, a
second electrode configured to receive a first power
supply voltage, and a third electrode connected to a
second electrode of the sixth transistor,

wherein the third transistor comprises a gate electrode
configured to recerve the second scanning line signal, a
second electrode connected to the second electrode of
the first capacitor, and a third electrode connected to the
gate electrode of the third transistor,

wherein the fourth transistor comprises a gate electrode
configured to receive the first scanning line signal, a
second electrode connected to the second electrode of
the first capacitor, and a third electrode connected to the
second electrode of the sixth transistor,

wherein the fifth transistor comprises a gate electrode
configured to receive the third scanning line signal, a
second electrode connected to the first electrode of the
first capacitor, and a third electrode configured to
receive the second signal voltage,

wherein the sixth transistor comprises a gate electrode
configured to receive the light emitting scanning signal,
the second electrode of the sixth transistor connected to
the third electrode of the second transistor, and a third
clectrode configured to recerve a second power supply
voltage,
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wherein the first electrode of the first capacitor 1s con-
nected to the third electrode of the first transistor, and
the second electrode of the first capacitor 1s connected
to the gate electrode of the second transistor,

the method comprising:

during a first time sequence stage, the first transistor and
the fourth transistor turn on in response to the first
scanning line signal, and the first signal voltage 1s
transmitted to the first electrode of the first capacitor;

during a second time sequence stage, the third transistor
turns on in response to the second scanning line signal,
the first potential signal on the second scanning line
signal 1s transmitted to the second electrode of the first
capacitor to reset the gate electrode of the second
transistor, and the second transistor 1s turned on;

during a third time sequence stage, the second transistor
and the fourth transistor are on, the second transistor 1s
diode connected, and the first power supply voltage 1s
transmitted to the second electrode of the first capacitor
through the second transistor;

during a fourth time sequence stage, the {ifth transistor
turns on 1n response to the third scanning line signal,
the second signal voltage 1s transmitted to the first
clectrode of the first capacitor, and the potential at the
second electrode of the first capacitor changes 1n
response to the second signal voltage being transmitted
to the first electrode of the first capacitor;

during a fifth time sequence stage, the sixth transistor
turns on 1n response to the light emitting scanning line
signal, and the drive current flows to the organic light
emitting diode through the sixth transistor.

13. A method of dniving a pixel circuit, wherein the pixel

circuit comprises:

a {irst transistor, configured to respond to a first scanning,
line signal and to transmit a first signal voltage;

a lirst capacitor, configured to store the first signal volt-
age;

an organic light emitting diode;

a second transistor, configured to provide a drive current
to the organic light emitting diode;

a third transistor, configured to respond to a second
scanning line signal and to transmait a first potential
signal to the second transistor;

a fourth tranmsistor, configured to respond to the first
scanning line signal and to electrically connect a first
clectrode of the second transistor to a third electrode of
the second transistor to form a diode connection of the
second transistor:;

a fifth transistor, configured to respond to a third scanning,
line signal and to transmit a second signal voltage to the
second transistor;

a sixth transistor, configured to respond to a light emitting,
scanning line signal, to receive the drive current of the
second transistor, and to output the drive current to the
organic light emitting diode,

wherein the first transistor comprises a gate electrode
configured to receive the first scanning line signal, a
second electrode configured to receive the first signal
voltage, and a third electrode connected to a first
clectrode of the first capacitor,

wherein the second transistor comprises a gate electrode
connected to a second electrode of the first capacitor, a
second electrode configured to receive a first power
supply voltage, and a third electrode connected to a
second electrode of the sixth transistor,

wherein the third transistor comprises a gate electrode
configured to recerve the second scanning line signal, a
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second electrode connected to the second electrode of

the first capacitor, and a third electrode connected to the
gate electrode of the third transistor,

wherein the fourth transistor comprises a gate electrode
configured to recerve the first scanning line signal, a

second electrode connected to the second electrode of

the first capacitor, and a third electrode connected to the
second electrode of the sixth transistor,

wherein the fifth transistor comprises a gate electrode
configured to receive the third scanning line signal, a
second electrode connected to the first electrode of the
first capacitor, and a third electrode configured to
receive the second signal voltage,

wherein the sixth transistor comprises a gate electrode

configured to receive the light emitting scanning signal,
the second electrode of the sixth transistor connected to
the third electrode of the second transistor, and a third
clectrode configured to recerve a second power supply
voltage,

wherein the first electrode of the first capacitor 1s con-
nected to the third electrode of the first transistor, and
the second electrode of the first capacitor 1s connected
to the gate electrode of the second transistor,

a seventh transistor, wherein the seventh transistor com-
prises a gate electrode configured to receive the second
scanning line signal, a second electrode configured to
receive the first signal voltage, and a third electrode
connected to the first electrode of the first capacitor,

the method comprising:

during a first time sequence stage, the third transistor and
the seventh transistor turn on in response to the second
scanning line signal, the first signal voltage 1s trans-
mitted to the first electrode of the first capacitor through
the seventh transistor, the first potential signal 1s trans-
mitted to the second electrode of the first capacitor to
reset the gate electrode of the second transistor, and the
second transistor 1s turned on:

during a second time sequence stage, the first transistor
and the fourth transistor turn on in response to the first
scanning line signal, the first signal voltage is trans-
mitted to the first electrode of the first capacitor through
the first transistor, the second transistor 1s diode con-
nected, and the first power supply voltage 1s transmitted
to the second electrode of the first capacitor through the
second transistor;

during a third time sequence stage, the fifth transistor
turns on 1n response to the third scanning line signal,
the second signal voltage 1s transmitted to the first
clectrode of the first capacitor, and the potential at the
second electrode of the first capacitor changes 1n
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response to the second signal voltage being transmitted
to the first electrode of the first capacitor;

during a fourth time sequence stage, the sixth transistor
turns on 1n response to the light emitting scanning line
signal, and the drive current tlows to the organic light
emitting diode through the sixth transistor.

14. A display panel, comprising a pixel circuit, wherein

the pixel circuit comprises:

a {irst transistor, configured to respond to a first scanning,
line signal and to transmit a first signal voltage to a first
clectrode of a first capacitor;

the first capacitor, configured to store the first signal
voltage, wherein a second electrode of the first capaci-
tor 1s connected to a gate electrode of a second tran-
sistor:

an organic light emitting diode arranged between a sixth
transistor and a second power supply voltage;

the second transistor, configured to provide a drive current
to the organic light emitting diode through the sixth
transistor according to a potential at the gate electrode
of the second transistor; wherein the second transistor
1s arranged between a first power supply voltage and
the sixth transistor;

a third transistor, configured to respond to a second
scanning line signal and to transmit a first potential
signal on the second scanning line signal to the second
clectrode of the first capacitor; wherein a gate electrode
of the third transistor 1s configured to receive the
second scanning line signal, a second electrode of the
third transistor 1s connected to the gate electrode of the
second transistor, and a third electrode of the third
transistor 1s connected to the gate electrode of the third
transistor;

a fourth transistor, configured to respond to the first
scanning line signal and to electrically connect a first
clectrode of the second transistor to a third electrode of
the second transistor to form a diode connection of the
second transistor, wherein the first power supply volt-
age 1s transmitted to the second electrode of the first
capacitor through the second transistor;

a fifth transistor, configured to respond to a third scanning,
line signal and to transmit a second signal voltage to the
first electrode of the first capacitor, wherein the poten-
tial at the second electrode of the first capacitor changes
in response to the second signal voltage being trans-
mitted to the first electrode of the first capacitor;

the sixth transistor, configured to respond to a light
emitting scanning line signal, to receive the drive
current of the second transistor, and to output the drive
current to the organic light emitting diode.
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